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57 ABSTRACT

A clothes washing machine 1s provided with an oscillating
washing assembly including a rotating drum capable of
being driven at various rotating speeds and provided with a
plurality of annular hollow bodies secured to the drum. A
plurality of moving masses are capable of freely moving
within the hollow bodies. Before at least one spin-extraction
phase, the drum 1s driven to rotate in a continuous manner
at a variable, relatively low speed which 1s lower than the
resonance frequency of the oscillating washing assembly,
but 1s adequate to cause the washload 1 the drum to keep
adhering against the inner peripheral surface of the drum. As
soon as the moving masses succeed in distributing them-
selves 1n such a manner that their center of gravity locates
itself 1n a position that 1s substantially opposite to the
unbalance condition of the washload, the drum 1s started to
rotate at the desired spin-extraction rate.

12 Claims, 8 Drawing Sheets
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1

DYNAMIC BALANCING METHOD FOR A
WASHING MACHINE

DESCRIPTION

The present i1nvention relates to a clothes washing
machine, 1n particular of the household type, provided with
an 1mproved arrangement for dynamically balancing the
drum thereof.

Although the present invention 1s described with particu-
lar reference to a front-loading clothes washing machine,
and for reasons of greater exemplification convenience the
following description refers to such a type of machine, 1t will
be appreciated that the invention also applies advanta-
geously to other types of clothes washing machines, such as
top-loading clothes washing machines.

One of the main problems design engineers have to cope
with 1n designing clothes washing machines, 1n particular
those for residential use, 1s the balancing of the drum
holding the washload during the spin-extraction phases that
are carried out 1 order to extract rinse water quickly from
the same washload. Such a problem 1s particularly evident
when the washload 1n the drum 1s not distributed evenly, 1e¢.
1s unbalanced. This causes undesired, and sometimes fully
unacceptable, oscillations of the drum which then are passed
on to the tub of the machine and, from the tub, to the entire
outer casing. This problem 1s largely known 1n the art, so that
it shall not be dealt with to any further extent.

Among the various solutions proposed 1n view of resolv-
ing this problem were some based on dynamic-type arrange-
ments applying an unbalance condition of equal force, but of
opposite vector, 1n opposition to the centrifugal force of the
unbalanced washload. Such solutions are described for
example in the French Patent No. 1213067 (Swiss priority
08 November 1957) as well as the Italian Patent No.
1108367 (Japanese priority 12 January 1978).

Such documents describe dynamic balancing arrange-
ments for application to the drums of clothes washing
machines, 1n particular of the household or residential type.
The arrangements consist of annular hollow bodies associ-
ated to the drum and containing balancing masses adapted to
slide within the annular hollow bodies. The masses are
capable of arranging themselves 1n such a position as to
oppose the unbalance motion of the drum brought about by
an uneven distribution of the washload therein.

Such a solution, although effective, has however failed to
find any practical application for a number of reasons,
including in particular the following ones:

a) In presence of washloads that are quite well balanced
initially, if the hollow bodies do not contain some liquid to
appropriately convey or slow down the movement of the
balancing masses, or have no suitable braking provision, the
balancing masses tend to distribute 1n substantially
haphazard, but mutually opposite positions along the cir-
cumierence of the annular hollow bodies, so as to maintain
the whole assembly 1n a balanced condition. However, due
to the fact that the positions taken by the masses are
substantially haphazard, 1t has been observed that, due to
irregularities 1n their movement, tolerances 1n the assembly
of the ring containing the masses and possible deformations
thereot, vibrations occurring due to even the slightest unbal-
ance condition give rise to an immediate re-balancing reac-
tion by the masses which start moving around until they find
a new balance position. During this “search” for a new
balance position, the masses may quite casily impinge
against each other, even violently, thereby giving rise to
considerable noise. Once such a new balance position 1s
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found, this will not be maintained for a long time, since 1t
just takes a new slight unbalance of the washload to cause
the above described re-balancing procedure to start anew.
This means that a wholly unstable condition 1s created 1n
which the machine tends to get repeatedly unbalanced and
re-balanced throughout its working cycle. This leads to an
annoying situation since vibrations are by no means defini-
tively suppressed in this way, while the machine keeps
generating periodically substantial noise.

b) It is necessary for the drum design to undergo appro-
priate modifications 1n order to increase the overall strength
of the construction and make 1t adapted to accommodate the
installation of the hollow bodies, which tend to press against
the walls of the drum with a considerable centrifugal force
due to the weight of said balancing masses.

¢) The annular hollow bodies that have been used so far
are generally made of a rather light material which therefore
tends to get distorted to a certain extent under the centrifugal
force exerted by the balancing masses. The consequence of
such deformations occurring in the hollow bodies 1s that the
balancing masses are prevented from reaching an optimum
position 1n view of being able to re-balance an unbalanced
condition of the washload, with the ultimate result that said
balancing effect becomes 1imperfect and partial.

From the patent PCT WO 93/23687 to “BALANCE
TECHNOLOGY LIMITED PARTNERSHIP LA PLAID-
ERIE TRUST CO. LTD.” a clothes washing machine 1s also
known which 1s provided with a plurality of hollow bodies
assoclated to a watertight tub rotating about an axis. The
hollow bodies contain 1n their interior a plurality a balancing
masses adapted to move 1n said hollow bodies, said masses
being made to differing sized according to the different
hollow bodies being considered.

Such a solution has attracted little interest since it has
been verilied that the use of moving balancing masses
having different dimensions does not lead to any appreciable
improvement 1n the balancing action. In addition, the tub in
the usual residential-type clothes washing machine designs
1s not rotating, but stationary and the unbalance condition
that needs to be corrected originates in the perforate drum
and not the tub itself.

Furthermore, considerable constructional complications
exist 1f differently and specifically sized hollow bodies and
respective balancing masses are to be made and used.

In fact, the corresponding U.S. application of the above-
mentioned patent has been abandoned, while a respective
“continuation-in-part,” U.S. Pat. No. 5,460,017, has been
1ssued which, however, does not contain any substantial
modification or improvement with respect to the original
patent specification. The “continuation-in-part” cites an
extensive list of the quite large number of patents that have
been filed covering dynamic balancing methods.

European Patent Application No. 0 607 678 filed by
Whirlpool Corporation also discloses a balancing arrange-
ment consisting essentially of a plurality of annular hollow
bodies filled with respective liquid balancing masses. In the
course of 1n-depth, thorough experiments, however, such a
solution turned out to be minimally effective 1n reducing
unbalance situations due to the fluid nature of the balancing
masses which tend to distribute along the entire circumier-
ence of the hollow bodies, thereby reducing the balancing
elfect.

A balancing arrangement provided with hollow bodies

containing balancing masses 1s also known from the Italian
Patent Application No. PN95A000005, filed by the Appli-
cant hereof, wherein the hollow bodies are provided with
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protruding lobes which facilitate the masses 1in aggregating,
in preferred position 1n view of reaching the best possible
balancing effect.

Such a solution, however, although being effective in
facilitating the best possible arrangement of the balancing
masses, has obvious, unquestionable contraindications of
both technical-manufacturing and economical nature.

A balancing arrangement provided with hollow bodies
containing balancing masses 1s further known from the
Italian Patent Application No. PN94A0000052, filed by the
Applicant hereof, wherein the balancing arrangement 1s
capable of 1dentitying the optimum conditions of the lubri-
cant fluid, the size and number of the balancing rollers and
the dimensional ratios of the rollers to the respective annular
cavities 1n which they are rolling, as well as the distribution
angle of said rollers, the number of annular cavities or

hollow bodies and their geometric arrangement with respect
to both each other and the drum to be balanced.

This patent specification provides a significant contribu-
tion to the feasibility of dynamic balancing arrangements
that are capable of being associated to clothes washing
machines to be offered on the marketplace. It identifies the
optimum constructional characteristics needed to substan-
fially improve the balancing effectiveness of such arrange-
ments. However, the obtainable improvement 1s limited to
the dynamic self-balancing action during the spin-extraction
phase only, 1e. when the drum rotates at a frequency which
1s considerably higher than the natural resonance frequency
of the suspended washing assembly filled with its normal
washload, and not during the phases in which the drum
rotation frequency 1s considerably lower, 1e. at the normal
washing or even slightly higher frequencies.

A practical consequence of such a limitation 1s that during
the time from the moment at which the spin-extraction phase
1s started to the moment at which the drum reaches the high
speed required for spin-extraction, the suspended washing
assembly of the machine 1s still seriously unbalanced, so that
it causes, during such a start-of-spinning transient, all the
traditional drawbacks which those skilled 1n the art are well
aware of. In particular, 1t does not eliminate the need for
solid 1nertial masses to be mounted on the suspended
washing assembly, firmly associated therewith, in order to
reduce the violent oscillations that occur during the start-
of-spinning transient before the afore-cited dynamic balanc-
ing arrangements are able to start their action effectively.

BRIEF SUMMARY OF THE INVENTION

It would therefore be desirable, and 1s a main purpose of
the present 1nvention, to 1improve the construction of such
drums by providing them with dynamic self-balancing
means that are capable of bringing about, under definite
operating conditions, a self-balancing action of the washing
assembly of the machine. This 1s achieved at different speed
including when the drum rotates at a frequency that 1s much
lower than the spin-extraction rotation frequency, so as to
enable the drum to start rotating at increasing speed for the
spin-extraction phase without giving rise to the well-known
drawbacks during the related transient. Therefore, there 1s no
need for counterweight masses to be provided as usual 1n
order to dampen the vibrations induced during said start-of-
spinning operational phase.

This and further aims that will be more closely described
further on 1n this description are reached 1 a clothes
washing machine provided with a suspended washing
assembly comprising a drum adapted to rotate at various
speeds and provided with a plurality of annular hollow
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bodies. The hollow bodies contain a viscous liquid 1n their
interiors and are mounted 1n a firm association with said
drum. A plurality of moving masses are capable of freely
sliding within said annular hollow bodies. Before at least
one spin-extraction phase, the drum is driven to start rotating
in a continuous manner at a variable, relatively low speed
which 1s lower than the resonance frequency of said sus-
pended washing assembly. The speed 1s sufficient to cause
the washload items 1n the drum to keep adhering against the
inner peripheral surface of the drum due to the effect of the
centrifugal force. Then, as soon as the moving masses
succeed 1n distributing themselves so as the center of gravity
1s located 1n a position which 1s substantially opposite to the
unbalance condition of the washload, the drum 1s allowed to
start rotating at the desired high spin-extraction speed.

Alternatively, the drum may be started to rotate at spin-
extraction speed after a pre-determined period of rotation at
said relatively low speed. The period of time 1s pre-
calculated so that when the drum 1s started to rotate at high
spin-extraction speed, the center of gravity of said moving

masses 15 1n a position which 1s substantially opposite to the
unbalance condition of the washload.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The i1nvention and the features thereof will be more
readily and clearly understood from the appended claims
and the description which 1s given below by way of non-
limiting example with reference to the accompanying
drawings, 1n which:

FIG. 1 1s a schematical view of a configuration of a
balancing mass and washload 1n their initial rotation posi-
tion;

FIG. 2 1s a view of the equivalent configuration a certain
fime after the beginning of low-speed rotation;

FIG. 3 1s a view of the configuration when the balancing
mass and the washload are 1n opposition of phase;

FIG. 4 1s the same view as shown 1n FIG. 3, wherein the
references used 1n the quantitative description of the inven-
fion are indicated 1n greater detail;

FIGS. 5 to 11 illustrate empirical examples of the angular
phase displacements between the unbalanced washload and
a balancing mass, or disk, versus various viscosity values
and the time elapsed from the beginning of the rotation;

FIGS. 12a to 12f illustrate 1n detail the two relative
movements of the balancing mass and the washload;

FIGS. 134 to 13c illustrate the case referred to a unsta-
bilized situation at a phase displacement of 180°;

FIGS. 14a to 14c¢ illustrate the phase displacement
between drum and balancing mass at varying viscosity;

FIG. 15 1llustrates the evolution of the phase displacement
depending on the imitial time; and

FIGS. 16, 17 and 18 1llustrate respective graphs of opera-
tional characteristics of the washing machine.

DESCRIPTION OF THE INVENTION

In the description that follows below, the term “ring” will
be used to express the same meaning as the term “hollow
annular body,” although the alternative use of any of such
two terms shall not affect the full understandability of the
description, due to the context in which such terms are
actually used, as anyone skilled in the art will readily
appreciate.

Dynamic balancing systems are known to be based on the
circumstance that at typical high spin-extraction speeds,
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which are higher than the resonance frequency of the sus-
pended wash tub assembly, the balancing masses tend to
spontaneously move to a position which is exactly opposite
to the position where the unbalance of the washload 1is
located, so that they almost immediately turn into automatic
balancing elements.

Such a process 1s generally known 1n all of its most
important practical and theoretical aspects and 1s based on
the fact that the remarkable extent of dynamic unbalance
that 1s brought about by the unbalanced washload during
spin-extraction 1s such as to impart forces of such a direction
and an amplitude to the balancing masses as to enable the
same balancing masses to move and arrange themselves 1n

the opposite position with respect to the unbalanced wash-
load.

It has been found, and 1s the basis of the present invention,
that even at low rotation speeds of the drum with an
unbalanced washload already sticking to the cylindrical wall
of the drum, the balancing masses tend, under suitable
conditions, to move and arrange themselves into a position
which 1s opposite to the position of the center of gravity of
the unbalanced load, with respect of course to the axis of the
drum.

In practice, under particular conditions that will be
explained 1n greater detail further on 1n this description, the
same self-balancing process takes place as occurs at the
higher spin-extraction speeds. Such a process, which may
not be readily appreciated initially since i1t 1s apparently
contradicting the laws of physics, has been thoroughly
investigated from both an experimental and theoretical point
of view.

In order to better explain the contents of the invention, all
considerations, evaluations, mathematical models and their
related processings, experiments, results and interpretations
thereof will be described 1n the following substantially in the
form of logical connection between cause, effect and final
purport, so that those skilled 1n the art will find no difficulties
at all in understanding the characteristics and the conditions
of the mvention, as well as the scope thereof.

The 1nvention 1s substantially based on the same configu-
ration as the one adopted for the dynamic balancing action
at the high spin-extraction speed, 1e. consisting of one or
more annular cavities that are joined together with the drum
and arranged so that the related axes coincide, said annular
cavities containing respective pluralities of balancing
masses of any kind known 1n the art, such as for instance
small disks, cylinders or spheres.

It has 1nitially been found experimentally that there are
three different behavior patterns of said balancing masses
when the drum rotates at low speed. Such different behavior
patterns lead to respectively differing results 1n terms of
positioning and, therefore, self-balancing action.

These behavior patterns will be illustrated first qualita-
fively and then through mathematical models 1n a quantita-
tive form.

A) QUALITATIVE DESCRIPTION OF THE INVENTION

Referring to FIG. 1, the washer includes a perforated
drum 3 rotatably disposed 1n a tub 10. A motor 12 rotates the
drum 3 at various speeds. These components define a
washing assembly disposed in an outer casing 14. Accel-
eration and frequency sensors 16 detect an unbalance con-
dition of the washload and determine drum rotation fre-
quency. The drum 1s provided with annular hollow bodies 2
having a preferably rectangular cross-section. One or more
balancing masses 1 or disks are movably disposed 1n each
hollow body 2.
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In all circumstances, the behavior patterns of the balanc-
ing masses are based on the fact that the latter are
submerged, even only partially, 1n a fluidized bed medium
acting as a lubricant. The masses move 1n the respective
rings under the effect of the viscous force that 1s imparted to
them by the fluidized bed, which 1s preferably a liquid, such
as o1l, having the characteristics as described further on.

Such a liquid 1s in turn caused to flow by the effect of its
friction with the mner walls of the rings as the latter rotate
with the drum. Therefore, 1n an indirect manner, the balanc-
ing masses are pushed by the rotation of the drum to move
to a position which 1s higher than their minimum-height
position with the drum at a standstill.

Such a forced flow of the liquid 1s of course opposed by
the force of gravity, so that 1t 1s assumed that the drum
rotates at a speed of approx. 100 rpm, which 1s actually
sufficient for the washload to be enabled to adhere against
the peripheral walls of the rotating drum.

To facilitate the description, mention will be made of a
single balancing mass i1n the following, although 1t 1s fully
and readily clear that the results equally apply to a plurality
of such masses. More precisely, such results are actually
referred to the center of gravity of such masses.

Referring to FIGS. 1 and 2, three situations may occur in
practice:

1) If the viscosity of the liquid 1s very low, the dragging
cliect exerted on the balancing mass 1 located 1n the related
hollow body 2 integral with the drum 3 1s not sufficient to
cause the mass to rotate jointly with the drum, so that it will
stop at a certain angle “a” with respect to the vertical through
the axis of the drum (see FIG. 2).

Since the unbalancing mass does not rotate jointly with
the drum, the situation i1s quite soon reached in which the
unbalancing mass and the washload are i1n opposition,
shown 1n FIG. 2. However, due to the substantial immobaility
of the position of the balancing mass, the moment at which
said alignment 1n opposition takes place 1s almost immedi-
ately surpassed by the movement of the washload, so that no
sufficient time 1s left for the drum to be started to rotate at
high spin-extraction speed.

In the course of m-depth experiments carried out 1n order
to thoroughly investigate the influence of the individual
factors (rotation speed, viscosity and the like) it has been
found that, all other conditions being equal, the higher the
viscosity of the liquid, the greater the angle “a” to which the
balancing mass 1s dragged.

In the case that the viscosity of the liquid 1s just below the
value needed by the mass to move beyond an angle a=90°,
it has been found experimentally that it would take just a
small increase 1n the speed of rotation of the drum to 1impart
to the mass the thrust needed to move beyond a=90°.

This additional acceleration can be either imposed on the
driving motor through the speed control arrangement at each
revolution of the drum or is generated 1n a natural manner by
the unbalancing washload 4 which drags or pushes the drum
downwards while clumped on the left side thereot, as shown
in FIG. 2, and therefore tending to go down by the action of
oravity, assuming that the drum rotates 1n the counterclock-
wise direction.

In both cases the passage of the balancing mass 1 through
the angle a=90° 1s forcedly synchronized with the rotation of
the drum, with the washload arranging itself 1n a position
which, with respect to the center of the drum, 1s opposite to
the position of the disk.

The above-described process represents the core of the
present 1nvention. It has been found that, due to the effect of
an acceleration in the rotational speed of the drum when the
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washload 1s 1n 1ts downward or descending phase and a
corresponding deceleration when the washload 1s 1n 1its
upward or rising phase, the balancing mass stays in oppo-
sition of phase with respect to the washload in a stable
manner or at least for a period which 1s sufficient to impart
the desired spin-extraction speed to the drum. That 1s, the
period 1s sufficient to attain the speed at which there 1s no
longer a need for the mutual position of the two opposing
elements to be forced since such a configuration 1s reached
and held automatically, as this 1s generally well-known from
the theory of forced oscillations.

The effect of acceleration and deceleration of the drum
can be obtained both naturally as a consequence of the force
of gravity acting on the washload which, since it substan-
tially sticks to the mner surface of the drum, conditions the
acceleration and, hence, the speed thereof, and by directly
forcing the speed of the drum by controlling the drum
driving motor accordingly. 2) If, on the contrary, the vis-
cosity of the liquid 1s very high, the balancing mass is easily
dragged upwards, up to the peak of its travel path, after
which 1t “falls” 1n 1ts downward or descending phase.

Due to the effect of the force of gravity, while said mass
rises the movement thereof 1s delayed with respect to the
drum and, while 1t falls, its movement 1s on the contrary
accelerated.

However, due to the remarkable dragging action brought
about by the high viscosity, the condition never occurs 1n
practice 1 which the balancing mass and the unbalanced
washload happen to be aligned 1n opposition of phase, and
this actually prevents the desired self-balancing effect from
being obtained even at a low rotational speed.

By providing also 1n this case for the drum to be imparted
accelerations at each revolution thereof, the accelerations
and decelerations of the disk tend to compensate each other
upon reaching a given angle “a” which depends on the
viscosity of the medium (for a given speed of rotation) and
the actual manner in which the speed of the drum 1s varied.
The reason behind this stabilization cannot be understood
intuitively, but ensues clearly from the mathematical treat-
ment of the phenomenon.

3) There 1s finally a situation of intermediate viscosity, as
this 1s illustrated by way of example 1n FIG. 3, so that the
viscosity of the liquid 1s sufficiently high as to drag the
balancing mass up to a point beyond a=90°, but not at the
first revolution of the drum accelerating from a standstill
condition. During the first revolutions of the drum, the mass
1s accelerated gradually, until 1ts speed i1s suflicient to
surpass a=90°,

As the drum keeps further rotating, said mass moves
oradually until 1t positions itself 1n opposition to the unbal-
ancing washload and remains in that position for a short
period, typically a few seconds, before moving beyond the
balancing position.

However, from the teachings given up to this point, those
skilled 1 the art will understand that the selection of the
various operating parameters and conditions of the machine
in view of being able to balance the drum at low rotating
speed can only depend on the general characteristics of the
machine, the drum, the hollow bodies, the balancing masses
(such as number, arrangement, mass or weight, disposition
within the related hollow rings), the dragging medium, as
well as all other factors that most affect said balancing effect
at low rotating speed of the drum.

It 1s therefore fully apparent that the present invention can
only be applied after an exhaustive series of comparative
experiments made on all such factors so as to i1dentily, for
cach type of machine, the values of said factors which, when
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appropriately combined, bring about the desired condition of
low-speed balancing.

Thanks to the teachings given in this description, such
experiments, along with the variables to be compared, are
however well within the capability of all those skilled 1n the

art.

B) QUANTITATIVE DESCRIPTION OF THE INVEN-
TION

As this has already been pointed out, the various afore-
described positioning processes can be explained through
the use of a mathematical model, wherein the differential
equation of the motion of the drum and a single balancing
mass represented by a disk 1s first established, and the
particular cases are then treated mdividually based on said
equation.

It will be appreciated that the model has a limited theo-
retical validity, since several disks, and not only one of them,
will be used in practice. However, the experimental verifi-
cation made with several disks has demonstrated the validity
of the simplified explanation.

B1) Geometric configurations and notes

With reference to FIG. 4, the model refers to a drum
rotating at an angular speed m,, that varies with time. On the
drum there 1s 1nstalled a ring 2 containing a disk 1 having a
mass “m”~ which, submerged 1n a viscous liquid, rotates at an
angular speed w_. The friction force F_, between disk and
liquid depends on the viscosity of said liquid, as well as
shape and dimensions of the cross-section of both ring and
disk. The overall effect thereof 1s summarized into a friction
factor A.

On the periphery of the drum, there 1s applied the weight
of the unbalancing washload 4, which 1s kept 1n position
there by the centrifugal force generated by the rotation of the
drum 3. Centrifugal forces are not considered 1n the model
since they act perpendicularly on the circumference of the
drum and the ring, so that they do not affect the motion.

Both the washload 4 and the disk 1 are exposed to the
force of gravity F,, F,, ., and namely to the component F,,
F_ thereof which acts 1n a tangential direction with respect
to the circumterences: F,, F_ .

The movement of the drum and that of the disk interact
through the viscous liquid which accelerates or brakes both
of them, according to their relative speed.

As 1t can be clearly inferred from FIG. 3, the positions of
both the drum (ie. the washload) and the disk are measured
starting from the lowest point, on the vertical through the
axis of the drum.

B2) The equations of motion
The disk 1s subject to the following forces:
Force of gravity, in the tangential direction with respect to

the ring

Fbg=_m$g

and therefore

F,=m*g*sin (¢,,,)

where g=gravitational acceleration.
Force of dragging by friction

FE=A$ (mb_ mm)

1.e. proportional to the difference 1n the angular speed of the
drum and the disk where 2 1s the coefhicient of friction.

These two forces determine a rotation moment about the
axis of the drum:
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L, =—1*m*g*sin((,,)

mE

Lﬂ=r *AH (mb_mm)

Similarly, the following equation 1s derived for the

moment generated by the force of gravity acting on the
washload:

L, =r*mb*g*sin((¢y)

TIRL
I

The torque arm has been considered to be equal to “r” for
both the washload and the disk. The motion 1s caused by the
torque L . of a motor. By summarizing the formulas, the

following two equations of motion are obtained for the
washload and the disk, respectively:

dw,, Lpg+ L,
dt - Tk

d(ﬂg;. Loor + Lg;.g -1,
dt O + myp*r?

The torque delivered by the motor can be introduced in
the model 1n three manners:
Through the torque/rotation speed characteristic:

LmﬂI=LmUI(mb)

as shown 1n the graph appearing in FIG. 16.
This method applies to non-controlled motors. By impos-
ing a regulation through the speed control arrangement: a

proportional-plus-integral (PI) regulator, as currently used in
washing machines, 1s used 1n the examples described. The

characteristic thereof 1s:
t
L=kl $((1)g;.[] — (l)g;.) + kQ”cf ((1)3;.[) — mb)$df
0

By imposing a variable speed to the drum. In this case it
1s assumed that the torque of the motor 1s sufficiently high
as to enable a pre-selected speed proiile to be followed:

Wp=40" (1+a*cos ((0;))

where a=constant.

Such a profile 1s 1llustrated in FIG. 17.

In this case there 1s no need for the above differential
equation to be used for calculating the speed of the drum,
since 1t 1s entered as an mput in the system. The angle ¢, can
be calculated through the mtegration of the formula for w,:

!
Pp =f wpo* (1 + a*cos(Pp))*dt
0

The variable ¢, appears both 1n the integrand and on the
left side as a dependent variable, so that the integration must
be performed by iteration in a numerical manner, starting,
from ¢,=0.

B3) Application of the mathematical model

Considering that the above-indicated equations of motion
cannot be solved in an accurate manner due to the presence
of the variables under the “sin,” the VISSIM simulation
program 1s used, which contains blocks for the numerical
integration.
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B4) Imposition of a variable speed to the drum
By combining the above-indicated equations:

dw,, Lpg+ L,

dt Tk

=040 " (1+a%cos(¢;))

and mtroducing the forced trend of wb 1n the expression for
L, while also using the formula for L, , the differential
equation for the motion of the disk i1s obtained:

7&$U}bg

mFEp

A,
dt?

AF ) p0 . d(l)m

m*y dt

+ + % *sin(Qyy,) = + a*cos(@sp)

The equation somewhat resembles the equation for the
damped oscillator subject to a periodic force:

2
d*x Ny dx
dil dt

+ D*x = g*cos(wi?)

with the difference that, 1n this case, “x” appears 1n a linear
manner and o 1s a constant. The damped oscillator 1s known
to assume a motion which shows a phase shift of 180° with
respect to the periodic force imparted, 1f w 1s situated beyond
the resonance frequency of the system. In a qualitative
manner, this result could also explain the reason why the
disk 1n the ring tends to such a phase shift with respect to the
oscillating motion of the drum. The equation of motion 1s
solved with numerical methods, whereas the selection of the
numerical values for the example considered 1s as set forth
in the table below.

Parameter Value  Unait Meaning

g 9.81 m/s” Gravitational
acceleration

r 0.25 m Ring, drum radius

Pro 0 rad [nitial disk position

) 0 rad [nitial washload position

A 10 to N s/rad Generic coeflicient of

120 friction

W0 10.5 rad/s Average drum rotation
speed = 100 rpm

a 0.3 Factor

The results are 1llustrated i the FIGS. 5 to 11. It can be
clearly observed how the disk, throughout the range of
variation of the coefhficient of friction, tends after a certain
period to assume a position which is shifted by 180° with
respect to the one 1t was initially occupying in the ring,
whereas the greater the friction, the longer the time needed
by the disk to reach said position.

In order to more readily understand the manner 1n which
the disk moves with respect to the ring, a short interval of 2
seconds of motion at the beginning and when the disk has
reached its “opposing” position 1s 1llustrated in FIGS. 124

through 12f.

It can be observed how 1n the 1nitial part of the process,
when the difference in phase between drum and disk 1s still
small, the speed difference (w,-w, ) shows a complex
course due to the fact that, when the ring decelerates, also
the disk 1s braked by the force of gravity since it 1s
positioned 1n the ascending portion of the circumference
thereof. Conversely, when the ring accelerates, the disk
tends to accelerate even to a greater extent, since 1t 1S
assisted by the gravity, in the descending portion of the
circumierence.
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In the diagrams relating to the motion 1n “opposition” it
can on the contrary be clearly seen that:

when the ring 1s slowing down, the disk accelerates, since
it 1s descending;

when the ring 1s accelerating, the disk 1s braked, since it
1s ascending.

Most probably, acceleration and deceleration of the disk
compensate each other 1in such a situation, thereby keeping
the phase difference (¢,—¢,,) unaltered with respect to the
drum. B5) Variable drum speed created by the action of the
oravity on the washload: Application of a proportional-plus-
integral (PI) control

In the case considered above, the variable motion of the
drum was forced by the motor speed control. The case 1n
which the motor speed control tries to maintain a constant
speed through the application of a PI controller will on the
contrary be discussed below.

Now, when the washload 1s ascending in the rotating
drum, the gravity slows down the drum. Conversely, when
it 1s descending, the drum 1s accelerated. The motion that 1s
imparted to the drum therefore resembles the one discussed
in the above 1illustrated case.

However, as compared to the above discussed case there
1s a significant difference, 1e. as the disk moves to reach its
position opposite to the washload, 1€. moves to a phase shift
of 180° with respect thereto, the same disk starts to balance
the washload. This practically reduces the amplitude of the
speed oscillation imparted to the drum. Or better still, 1 the
case of a perfect equilibrium between disk and washload, the
oscillation becomes nil.

Actually, 1n the numerical simulations 1t has been found
that such a process does not take place for all combinations
of parameters. That is, in some cases, when the 180° phase
shift 1s reached, the same phase shift continues to increase
slowly. Therefore, in such particular cases the “opposing”
phase shift can be only used for a limited period of time.
Both the damping of the angular speeds of the drum and the
disk and the continuously increasing phase difference
between the same drum and disk, even beyond 180°, can be
noticed in FIGS. 134 through 13c.

Following examples of numerical integration will illus-
frate the effect of viscosity and rigidity of the control
arrangement on the balancing process, whereas the selection
of the numerical values for the examples considered is as
follows:

Parameter Value  Unait Meaning
g 9.81 m/s” Gravitational
acceleration

r 0.25 m Ring, drum radius

Po 0 rad [nitial disk position

Po 0 rad [nitial washload position

A 10 to N s/rad Generic coeflicient of
120 friction

k1 0.05 Weight for proportional
to 1 part of motor control

k2 1 to 120 Weight for integral part

of motor control

B6) Effect of viscosity

FIGS. 14a through 14c¢ illustrate for three different
viscosities, all other parameters of the motor control system
being equal, how the phase shift in the relative motion
between drum and disk varies with time, 1e. the higher the
viscosity, the longer the time required to reach a phase shift
of 180°. It can on the other hand be observed how, with low
viscosities, said phase shift stabilizes at values greater than

180°.
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There 1s of course a minimum viscosity value, below
which the drum 1s no more able to drag the disk beyond
¢ _==90°, so that the disk will remain still at a certain angle
with respect to the vertical.

B7) Variable drum speed, created by the action of gravity on
the washload: Speed variation resulting from the motor
torque-rpm characteristics

This method 1s 1nvestigated 1n view of 1ts possible appli-
cation 1n conjunction with a synchronous motors. The motor
reacts to motor speed gearing induced by the washload, as
this has been described above 1n the section dealing with the
PI control, according to the present characteristics.

An example 1s illustrated 1n FIG. 15 for two viscosity
values, wherein the motor characteristic shown 1n FIG. 18 1s
used. From the course of the phase difference ((¢,—¢, ) it can
be noticed how, after an interval of adjustment of a few
seconds during which the drum 1s accelerated to a speed of
100 rpm and the disk 1s not yet able to follow the motion of
the drum, the phase starts to vary slowly. Its behavior
strongly resembles the one typical of the case with the motor
controlled 1n a proportional manner. In the application of this
method it is therefore necessary to wait for (¢,—¢, )=180°

before switching over to high spin-extraction speed.

Although the invention has been described on the
example of preferred embodiments thercof and using a
generally known terminology, 1t shall not be intended as
being limited by these, since it will be appreciated that
anyone skilled 1n the art may be able to use the teachings of
this 1nvention to devise any number of variants and modi-
fications thereto. The appended claims shall therefore be
intended as to include all such obvious modifications that are
readily apparent to those skilled in the art and clearly fall
within the scope of the present invention.

What 1s claimed 1s:

1. A method of operating a clothes washing machine,
provided with an outer casing and a suspended oscillating
washing assembly comprising;:

a wash tub; a cylindrically shaped perforated drum housed
in said tub and capable of rotating in the interior thereot
about the axis of the cylinder during washing and
spin-extraction; a motor capable of rotatably driving
said drum at various speeds;

a dynamic balancing arrangement provided with said
drum and formed by a plurality of annular hollow
bodies, said bodies forming sealed closed-loop con-
ficurations and being mounted integrally with said
cylindrical drum with their axes coinciding with the
rotational axis of said perforated drum; a liquid of
specific viscosity filled 1in said hollow bodies; and a
plurality of moving masses capable of freely moving in
said liquid, characterized in that

before at least one spin-extraction phase, the drum 1is
driven to rotate 1n a continuous manner at a variable,
relatively low speed 1n a single direction of rotation,

wheremn the frequency of said rotation 1s lower than a
frequency of resonance of said oscillating washing
assembly, and 1s sufficient to cause a washload 1n the
drum to stay adhered against an inner peripheral sur-
face of the drum while said moving masses distribute
themselves to oppose any unbalanced condition of the
washload.

2. A method according to claim 1, characterized in that
said liquid maintains its viscosity at a value which stays
substantially constant as the temperature of the liquid
changes.

3. Amethod according to claim 1, characterized 1n that the
drum 1s started to rotate at high spin-extraction speed when
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the center of gravity of said plurality of moving masses 1s
situated 1n a substantially opposite position with respect to
an unbalancing position of the washload.

4. A method according to claim 3, characterized 1n that
said liquid maintains its viscosity at a value which stays
substantially constant as the temperature of the liquid
changes.

5. A method according claim 3, characterized in that
during the period in which said drum is driven to rotate in
a continuous manner at a variable, relatively low speed 1n a
single direction of rotation, the drum 1s accelerated 1n a
portion of its rotation during which the washload falls down
along a descending path, and 1s slowed down 1n a portion of
its rotation during which said washload rises along an
ascending path.

6. A method according to claim 5, characterized 1n that
said liquid maintains its viscosity at a value which stays
substantially constant as the temperature of the liquid
changes.

7. A method according to claim 1, characterized in that a
condition of substantial opposition of the center of gravity of
said plurality of balancing masses with respect to the unbal-
ancing washload 1s detected by processing a signal of a drum
rotation frequency sensor.

8. A method according to claim 7, characterized in that
sald liquid maintains 1ts viscosity at a value which stays
substantially constant as the temperature of the liquid
changes.

9. Amethod according to claim 1, characterized 1n that the
condition of substantial opposition of the center of gravity of
said plurality of balancing masses with respect to the unbal-
ance of the washload 1s detected by acceleration sensors
assoclated to said oscillating washing assembly.

10. A method according to claim 9, characterized in that
said liquid maintains its viscosity at a value which stays
substantially constant as the temperature of the liquid
changes.
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11. A method of operating a clothes washing machine,
provided with an outer casing and a suspended oscillating
washing assembly comprising;:

a wash tub; a cylindrically shaped perforated drum housed
in said tub and capable of rotating 1n the interior thereot
about the axis of the cylinder during washing and
spin-extraction; a motor capable of rotatably driving
sald drum at various speeds;

a dynamic balancing arrangement provided with said
drum and formed by a plurality of annular hollow
bodies, said bodies forming sealed closed-loop con-
figurations and being mounted integrally with said
cylindrical drum with their axes coinciding with the
rotational axis of said perforated drum, a liquid of
specific viscosity filled in said hollow bodies, and a
plurality of moving masses capable of freely moving in
said liquid, characterized 1n that

before at least one spin-extraction phase the drum 1is
driven to rotate 1n a continuous manner and 1n a single
direction of rotation at a relatively low, variable

frequency, varied for each revolution of the drum,
between a minimum value and a maximum value,

wherein said frequency of rotation is sufficient to cause a
washload 1n the drum to stay adhered against the inner
peripheral surface of the drum, and

the drum 1s kept rotating 1n such a continuous manner for
a predetermined period while said moving masses
distribute themselves to oppose any unbalanced con-
dition of the washload.

12. A method according to claim 9, characterized 1n that
said liquid maintains its viscosity at a value which stays
substantially constant as the temperature of the liquid
changes.
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